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Introduction 1
Surface roughness is a statistical measure of the change in topography 2 over a specified horizontal scale after removing a trend (Shepard et al., 2001) .
3
Studies of the surface roughness of asteroids can be divided into two classes 4 based on the horizontal scale of surface roughness. The majority of asteroid 5 studies focus on centimeter-scale surface roughness derived from radar stud-6 ies (e.g. Benner et al., 2008) and thermal modeling (e.g., Harris and Lagerros, 
51
While these studies provide valuable insight into the surface properties 52 of Eros and Itokawa for specific regions none of them include a global as-53 sessment of surface roughness as has been done for larger planetary bodies 54 (e.g., Kreslavsky and Head, 2000; Rosenburg et al., 2011) . In this study, 55 we measure the global meter-scale surface roughness of Eros. Global surface 56 roughness maps can provide inferences on which geologic processes influence 57 regional topography to modify the asteroid's surface roughness. Candidate 58 processes for Eros include impact cratering (e.g., Chapman et al., 2002) , for-59 mation of lineaments (e.g., Buczkowski et al., 2008) , regolith processes and 60 boulder mobilization (e.g., Thomas et al., 2002) , and the creation of ponds 61 (e.g., Robinson et al., 2001 ). Many of these processes have been cited as 62 key contributors to changes in surface roughness on other bodies including 63 cratering on the Moon (Rosenburg et al., 2011) , and tectonics and cratering 64 on Mercury (Kreslavsky et al., 2014; Susorney et al., 2017) . of the measured surface roughness, which, as on Itokawa, can provide an 95 estimate of the mobile portion of the regolith on Eros.
96
In this study, we use common names in the literature for the largest crater 97 on Eros (see Fig. 1 of the three discussed here and is 7.6 km in diameter .
100
Shoemaker overlaps the crater Himeros (5 • N 75
• E), which is 10 km in di- paper is used for consistency with previous studies (e.g., Cheng et al., 2002;  104 Buczkowski et al., 2008) and for the rest of the paper we will refer to Charlois
105
Regio as Shoemaker crater. 
Methodology

107
We used topography data ( Fig. 1) for Eros from the NLR instrument that 108 flew aboard the NEAR-Shoemaker spacecraft (Zuber et al., 1997 Eros is non-uniform leading to some loss of spatial coverage. However, this 128 lack of spatial coverage is traded against higher accuracy surface roughness 129 measurements derived from the higher precision NLR data.
130
We measured surface roughness using RMS deviation as has been done 131 in previous studies of the meter-scale surface roughness of asteroids (Cheng 132 et al., 2001 (Cheng 132 et al., , 2002 Abe et al., 2006; Barnouin-Jha et al., 2008) . We calculated
133
RMS deviation using methodology from Susorney et al. (2017) (Zuber et al., 2000) . Fig. 2a topography over a baseline (Shepard et al., 2001) . It is defined as the follow-
where ∆h(L) is the change in height over a given baseline, L, and n is 168 the number of ∆h used in the calculation of RMS deviation. line (Turcotte, 1997; Shepard et al., 2001) . The Hurst exponent is defined as
where ν o is the RMS deviation at the unit scale, m, (Shepard et al., 2001) .
220
We estimate H for each plate, for the entire asteroid, and for Shoemaker 221 crater. 
Results
223
In this section, we present 3-dimensional shape models with the RMS The Hurst exponent is lowest in the craters Shoemaker and Himeros and is
256
close to ∼ 1 in the crater Psyche. 
Geologic Processes and Surface Roughness
258
In this section, we focus on relating the observed surface roughness on
259
Eros to various geologic processes. The boulder and crater counts used in 260 the following section were kindly provided by P.C. Thomas (Thomas et al., 261 2002; Thomas and Robinson, 2005) . 
Ponds
295
Ponds are nearly flat deposits on asteroids such as Eros whose origin is 296 debated (Roberts et al., 2014) . In images, ponds appear smooth down to 1.2 297 cm per pixel resolution . While these ponds have been 298 described as qualitatively smooth (e.g., Robinson et al., 2001) slope (Miyamoto et al., 2007) .
378
Eros has a layer of tens of meters of regolith that has covered boulders 379 to varying degrees (Fig. 11) and is mobile as seen by the flat floors at boulders and infilling other changes in topography (Fig 10) we can derive which causes larger particles to reach the surface (e.g., Murdoch et al., 2015) . surface roughness at such scales (Campbell, 2003) . With this caveat in mind, altimeter-derived surface roughness Rozitis and Green (2012) . In the second 524 investigation, the changing of the Hurst exponent resulted in a Hurst expo-525 nent that has been observed on planetary surfaces (Shepard et al., 2001) .
526
The discrepancy between the two datasets will likely only be resolved when 527 high-resolution topographic measurements of asteroids are performed allow- Figure 1 : Topography in meters of 433 Eros derived from a shape model (Gaskell, 2008) .
The topography is derived from a geoid that assumes the interior of Eros is a constant density, see section 2.3 for details. The three largest craters, Himeros (10 km in diameter), Shoemaker (7.6 km in diameter, formally known as Charlios Regio), and Psyche (5.3 km in diameter) are labeled. 
